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INTRODUCTION 
 
Polyamines (PAs) seem to play an overwhelming role in plant growth and 
developmental processes. They are found to be essential for cell viability, cell division, 
prolongation of cell division, and cell elongation and modification (Evans and Malmberg, 
1989; Heimer et al. 1979; Mader and Hanke 1997 and Berta et al. 1997). Correlations were 
found between increase of PA-levels with cell division and a drop in PAs during reduction of 
metabolic activity (Evans and Malmberg, 1989). Berlin and Forche (1981) reported that low 
doses of a-DL-difluoromethylornithine (DFMO) inhibited cell division in tobacco cell 
cultures, but not their enlargement. Bondi et al. (2000) have reported that the treatment of root 
cultures of Hyocyamus nutieus with jasmonates increased the putrescine level and also 
moderately the tropane alkaloid levels. A hypothesis exists that PA’s and ethylene production 
may regulate each others synthesis, either directly or by metabolic competetion for S-
adenosylmethionine (SAM). PA’s inhibit ethylene formation in several plant tissues, i.e. apple 
fruits, bean and tobacco leaf explants (Apelbaum et al. 1984) Exogenous feeding of 
putrescine (Put) resulted in reduced ethylene production (Bais et al. 2000a). There exists also 
some information that PAs are involved in the fertilization process of different plants and 
their fruit set. Broquedis et al. (1996) could demonstrate that the exogenous application of 
PAs increased the percentage of fertilization in grape flowers. In the present study complete 
vine plants (Vitis vinifera L. cv. Riesling) were analysed in their different organs during 
growing season to achieve an insight in the dynamics of free PAs in that species. The time 
course of changes in the concentrations of PAs will probably give a better understanding of 
the flowering and fruit set process in grapevines. The observations were made in a N-fertilizer 
trial in order to see the additional interactions between nitrogen nutritional status, PAs and 
fruiting. 
 
MATERIALS AND METHODS 
 
Plant material 
Grapevines were grown in a test field for 8 years and in 1985 a fertilizer trial was 
installed in order to test the influence of increasing N fertilisation on yields, quality and 
quality compounds in the plant and their fruits. Following treatments were tested: 0, 30, 60, 
90 and 150 kg N/ha. Amounts exceeding 60 kg N/ha were split with 30 kg N/ha as spring 
fertilization and the rest after bloom. After an accommodation period of 6 years, plant parts 
were harvested, beginning in winter up to the time of fruit set. Immediately after harvest the 
material was freeze dried, milled and stored prior to analysis. Plant material was analyzed 
coming from the phenological stages according BBCH 16, 56, 57, 65, 68, 71 and 75. 
Extraction of polyamines and determination 
Free PAs were extracted with cold HClO4 (PCA) (Flores and Galston 1982). After 
extraction for 1 h in an ice bath, the samples were centrifuged at 10.000 rpm for 20 min. The 
supernatant containing the free PAs was derivatized according to Flores (1982) with a 
modification of Smith (1985). Prior to derivatization the extract can be stored at –20 oC . 
Determination was performed on a Varian-HPLC using a LiChrospher RP-18 (5µm, 250x4 
mm) column. 
 
RESULTS AND DISCUSSION 
 
Free amino acids (AA) 
To get a better understanding of the PA dynamics, free amino acids belonging to the 
Glu-family (Pro and γ-ABA) were determined in generative organs from BBCH stage 57-75. 
The results are given in fig.1a and 2a. Regarding the concentrations (calculated as mg N/kg 
dry matter) it can be demonstrated that the concentrations of both amino acids decrease 
during the growth period in flowers and fruits, however, γ-ABA decreases from stage 57 to 65 
and increases again in stage 68. From stage 71 to 75 γ-ABA decreases again. With some 
exceptions at the early beginning a distinct and significant influence of increasing N supply is 
observed. If the dynamic of ABA is also dependant from external stress events is still unclear. 
The content (µg N/organ) of all of Pro and ABA (fig 1a and 2a) increases permanently and 
peaks during the stade 75, i.e. after blooming phase. However, concentrations (mg N/kg d.m.) 
decrease during the stades 16 to 71 constantly (fig 1a). The influence of increasing N supply 
can be demonstrated; untreated plots are always lowest in content as well as concentrations. 
Agmatine in flowers and berries (Fig. 3a, b) 
 
 
 
 
 
Fig. 1. Total free amino acids of the Glu-family (Pro) in flowers and berries during the 
growing season from BBCH 16 to 75. a): Pro (mg N/kg d.m.). b): Pro (µg N/shoot). 
 Fig. 2. Total free amino acids of the Glu-family (γ-ABA) in flowers and berries during 
the growing season from BBCH 16 to 75. a): γ-ABA (mg N/kg d.m.). b): γ-ABA (µg 
N/shoot) 
 
The concentration of Agm (fig. 3a) is highest in stage 57 (beginning of bloom), 
declines towards stage 65 and increases up to stage 68. During fruit set (71) and pea sized 
berries minimal concentrations are detected. 
 
 
 
  
Fig. 3. Free Agmatine (Agm) in flowers and berries during the growing season from 
BBCH 65 to 75. a): Agm in berries (µmole/kg d.m.). b): Agm in berries (nmole/organ) 
 
The Agm-content (fig 3b) is lowest during the first stages of flower and berry 
development (stage 57 and 65) and reaches highest values at full bloom (68). At fruit set 
Agm-content declines and has a further peak at pea sized berries. 
 
Putrescine in flowers and berries (Fig. 4a, b): 
 
 
Fig. 4. Free Putrescine (Put) in flowers and berries during the growing season from 
BBCH 65 to 75. a): Put in berries (µmole/kg d.m.). b): Put in berries (nmole/organ) 
 
In order to get a better insight in the dynamic behavior of the different PAs in the 
generative organs Put, and Spd were analyzed during the stades 65-75. 
Put-concentration is highest at stade 65 and decreases until stade 68 (full bloom) and 
rises up again until stade 75 (pea sized berries). An influence of N inputs can hardly be seen. 
The reaction of the plant has no clear direction. 
Put-content has its highest content at stage pea sized berries (75); between stage 71 
and 75 the content nearly triples. 
During the stades 65-68 it was not possible to differentiate between stems and flowers 
therefore both were analyzed as one organ. In the two last stages of flowering and berry 
development (stade 71 and 75) the Put-content was ca. two times higher than in the flower 
stems, but an influence of the exogenous N supply could not be detected. Only in a tendency 
the fertilized plots showed a higher PA-content. 
Spermidine in flowers and berries (Fig. 5a, b): 
 
 
Fig. 5. Free spermidine (Spd) in flowers and berries during the growing season from 
BBCH 65 to 75. a): Spd in berries (µmole/kg d.m.). b): Spd in berries (nmole/organ) 
 
During the stades 65 and 68 the spermidine concentration in flowers is high. 
Compared to Put it is approximately 25% lower.. At phase fruit set (71) Spd is reduced for 
about 30% of the stade 68 value. In the following stage 75 (pea sized berries) a slight increase 
is noticed. Put at that stage has a higher concentrations than Spd.. During the stades 66, 68 
and 75 an influence of N supply may be detected. 
Spd concentration is more or less constant in berries during the stages 71 to 75. In 
comparison to Put spermidine concentration is 25% lower. An influence of N supply is only 
scarce. 
The Spd content increases steadily from stage 57 to 75. A slight reduction is noticed 
during stage 71; at stage 75 the Spd content increases nearly sixfold in comparison to stage 
71. These finding indicate that PAs may have an important role during the flowering process, 
however, the physiological action is not clearly understood. 
 
 
 
 CONCLUSIONS 
 
It is the first time that those intensive determinations on the polyamine levels in 
different organs of the grapevine were made. Only Friedman et al. (1986) determined Put and 
Spd in the bleeding sap of Grenache. Broquedis et al. (1996) tested the influence of PA sprays 
on the fertilization and berry development. 
Regarding the influence of an increasing N supply it can be demonstrated that there is 
a significant accumulation of free (soluble) amino acids in all observed organs, especially γ-
ABAand Pro. These compounds are the staring point for PA-synthesis, but it could not be 
proven that particular PAs are enriched as a reaction of the N supply. Only the total sum of 
the PAs is significantly accumulated by the N fertilization. This could be verified on content 
and a concentration basis. The singular PAs Put, Spe and Spd show specific accumulation and 
decomposition patterns during growth and development of flowers stems and berries. This 
specific dynamic of PAs cannot understood up to now; more controlled experiments seem 
necessary in order to elucidate the physiological background. A direct influence of N supply 
on PA synthesis in different tissues could not be proven. 
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